Osteoporosis is a major non-communicable disease characterised by reduced bone mass and disruption of bone architecture, resulting in increased bone fragility and fracture risk. The condition has long been identified as a significant healthcare issue worldwide, (1) especially in countries with an ageing population such as Singapore. It was forecast that by 2030, one out of five persons residing in Singapore will be 65 years old and above.
(2) Therefore, the incidence of osteoporosis with its associated fractures is likely to increase over the coming decades.
Worldwide, the lifetime risk for hip, vertebral and forearm (wrist) fractures has been estimated to be approximately 40%, similar to that for coronary heart disease. (1) Fractures are of particular concern in the elderly osteoporotic patient. According to the Asian Osteoporosis Study published in 2001, by the next century, 50% of all hip fractures in the world will occur in Asia. (3) The Singapore Ministry of Health (MOH) Clinical Practice Guidelines on Osteoporosis have reported that since the 1960s, hip fractures have increased by 1.5 times in men and five times in women. (2) The incidence of hip fracture in Singapore is estimated to be 402 out of 100,000 women and 152 out of 100,000 men, making it one of the highest incidences in Asia. (4) Apart from resulting in fractures, osteoporosis may also cause patients to become bedridden with secondary complications that may be life-threatening. (1) Numerous factors contribute to the risk of osteoporosis and fractures. To aid in treatment decision-making, fracture risk can be assessed using the WHO Fracture Risk Assessment (FRAX TM ) tool, (5) which takes into account the morbidity and economic burden. (2, 6, 7) It was reported by MOH that the mortality rate one year after experiencing a hip fracture is approximately 20%-27%. One-fifth of patients who survive the fracture either become semi-or fully-dependent, and 39% are affected by reduced mobility. (2) Patients who survive the event but are left with residual impairment to mobility and self-care require long-term nursing care and rehabilitation. This contributes to economic costs for the patients and society.
WHAT IS MEDICATION-RELATED OSTEONECROSIS OF THE JAW?
Osteonecrosis of the jaw is a rare adverse effect that may occur in patients being treated for osteoporosis with antiresorptive medications. (8) A position paper issued by the American Association of Oral and Maxillofacial Surgeons (AAOMS) in 2014 suggested the term medication-related osteonecrosis of the jaw (MRONJ). This was in recognition of the potential for other antiresorptive and antiangiogenic medications, apart from bisphosphonates, to cause osteonecrosis of the jaw, (9) such as the human monoclonal antibody, denosumab. This article provides advice on the possible risks of developing MRONJ in these patients, as well as the recommended preventive and management strategies for such patients, from a multidisciplinary team perspective.
HOW RELEVANT IS THIS TO MY PRACTICE?

Management of osteoporosis
Osteoporosis management aims to reduce the impact of the condition and its associated complications. Each fragility fracture incurred increases the risk of future fractures: research has shown that 50% of those who break their hip previously presented with a minimal trauma (fragility) fracture and that a prior fracture is associated with an 86% increased risk of any fracture in the future. (10, 11) (12) (13) (14) (15) (16) Patients that demonstrated the greatest fracture reduction were women with lower bone mineral density, osteoporotic patients with T-score ≤ -2.5, and patients with a previous fragility fracture. (2, 17) Patients with osteoporosis can be treated by administration of antiresorptive medications via the oral route, the parenteral route, or both.
However, treatment gaps are prevalent; worldwide, only 10%-20% of patients with osteoporosis are diagnosed and 8% are commenced on treatment. Compliance is also a major barrier, with 10% remaining on treatment at five years. In Singapore, it was estimated that only 16% of patients were started on treatment for their osteoporosis within two years of hip fracture. (18) Studies have shown that the rates of bisphosphonate prescription have declined significantly from 15% to 3% since 2004 in countries such as the United States, as a result of the media attention that bisphosphonates received after Food and Drug Administration safety announcements, despite the known benefits of these drugs in preventing patients from sustaining osteoporotic fractures. (19) To this end, it is of utmost importance that patients be appropriately informed about their diagnosis and the availability of effective or proven treatments, with primary care physicians serving as accurate sources of information in the community.
Diagnosis of MRONJ
Osteonecrosis of the jaw was first associated with bisphosphonate therapy in a 2003 report, which involved patients with metastatic cancer who received high-dose intravenous (IV) bisphosphonate therapy. MRONJ can be diagnosed clinically based on the following characteristics described in the AAOMS position paper: (9, 20) (a) current or previous treatment with antiresorptive or antiangiogenic agents; (b) exposed bone or bone that can be probed through an intraoral or extraoral fistula in the maxillofacial region that has persisted for more than eight weeks; and (c) no history of radiation therapy to the jaws or obvious metastatic disease to the jaw.
Risk of MRONJ from oral bisphosphonate therapy
In numerous studies that were conducted to evaluate the risk of MRONJ in patients on oral bisphosphonate therapy, the overall risk of developing MRONJ was found to be low. (9, 21) The risk of developing MRONJ in postmenopausal patients on oral bisphosphonate was reported to be between one in 1,262 and one in 4,419 (0.02%-0.07%). (22) This was slightly lower than the estimated risk of 0.1% reported in the AAOMS position paper. However, based on the limited information available, the incidence of MRONJ occurring in patients was found to double, from 0.1% to 0.21%, if they were on oral bisphosphonates therapy for more than four years. 
Risk of MRONJ from intravenous bisphosphonate/ denosumab therapy
According to the AAOMS position paper, osteoporotic patients receiving yearly administration of bisphosphonate therapy via the IV route were found to have a 0.017% risk of developing MRONJ. This percentage did not appear to increase even when the duration of therapy was longer than four years. (9) Other studies reported a risk of up to 0.35% in patients on IV bisphosphonate. (8) The risk of developing MRONJ while on denosumab was reported to be around 0.04%, (9) although research conducted in the United Kingdom reported a risk of up to 0.3%. (21) Osteoporotic patients on IV bisphosphonate or denosumab therapy are generally given much lower dosages and frequencies of medication, as compared to oncology patients on therapy for prevention of skeletal-related events and metastases in cancer.
Other medical factors were found to increase the risk of developing MRONJ. These include: duration of therapy, chemotherapy, erythropoietin therapy, renal dialysis, hypothyroidism, corticosteroid therapy and diabetes mellitus. (8, 9, 20) The patient's age, smoking habit and obesity are also significant contributing factors. (20) It is important to emphasise good dental hygiene and practices in these patients to avoid the rare side effect of MRONJ.
Box 1 summarises the risk of developing MRONJ associated with various types of therapy. 
WHAT CAN I DO IN MY PRACTICE?
Dental treatment in patients on antiresorptive therapy
Dental infections and invasive treatments are the most common factors that result in the development of MRONJ. Teeth that require extraction are often associated with periapical and periodontal infections. Infection and inflammation, dental extractions, irritation and trauma to the oral mucosa from ill-fitting oral appliances can result in an increased risk of developing MRONJ. (9, 20, (23) (24) (25) (26) However, it should be noted that MRONJ can also occur spontaneously even without any obvious pre-existing dental infections or treatment, (21) and the risk of MRONJ in patients undergoing dental treatment should be assessed with this in mind. Studies have shown that 20%-33% of cases of MRONJ occur spontaneously in patients on antiresorptive therapy. (20) The incidence of MRONJ in patients treated with antiresorptive
Box 1. Risk of developing MRONJ:
• Oral bisphosphonates (e.g. alendronate) (9, 22) ≈ 0.02%-0.1% • Oral bisphosphonates for > 4 years (9) ≈ 0.21% • IV bisphosphonates for osteoporosis (8, 9) ≈ 0.017%-0.35% • Denosumab for osteoporosis (9, 21) ≈ 0.04%-0.3% • IV bisphosphonates for cancer therapy (e.g. zolendronate) (9) ≈ 1% medications was reported to be comparable to the risk of MRONJ developing spontaneously in patients only exposed to placebo medications (0.017%-0.04% vs. 0%-0.02%, respectively). (9) Box 2 provides useful information for physicians with patients on antiresorptive therapy who require dental treatment.
Prevention of MRONJ
General practitioners should optimise patients' medical condition prior to commencement of antiresorptive therapy. Modifiable medical conditions and factors that increase the risk of MRONJ should be properly managed. Physicians should advise their patients to stop smoking and reduce alcohol intake. (9, 21) Patients should be referred to a dental practitioner for dental clearance to rule out and treat any dental diseases before starting antiresorptive therapy. Adequate time of approximately one month or more should be provided for the dentist to complete treatment of acute conditions, as well as to put in place a preventive oral hygiene plan. Management of any chronic dental conditions can be started concurrently while managing the acute problems.
A thorough dental clearance includes a thorough clinical and radiographic examination. Proper oral hygiene and preventive practices must be instituted. Dietary modifications to reduce sugar intake should be done to prevent dental caries (tooth decay) and the need for dental extractions. A study by Dimopoulos et al demonstrated a significant reduction in MRONJ occurrence in patients who received preventive dental treatment prior to commencing therapy. (29) These findings were further supported by Bonacina et al and Vandone et al, who discovered no new cases of MRONJ in patients who underwent dental clearance, and that the overall risk of developing MRONJ was halved. (30, 31) Acute infections such as abscesses of pulpal or periodontal origin must be treated to remove the source of infection. This treatment should be carried out prior to or even during antiresorptive therapy, as the presence of infection and inflammation is a wellrecognised risk factor for development of MRONJ. (26) Chronic periodontal conditions must also be managed to avoid further bony and gingival recession and subsequent tooth loss. Dental therapy aimed at removing infection and inflammation can be done in a primary dental care setting and as part of a preventive treatment strategy against MRONJ. It has been reported that dental extraction is a major factor in the development of MRONJ, such as in Filleul et al, where 67% of cases of bisphosphonate-related osteonecrosis of the jaw were precipitated by dental extractions. (25) This was similar to the range reported by AAOMS of 52%-61%, which corresponded to a risk of 0.09%-0.34%. (19) However, it is still necessary to actively treat or remove teeth that can be a source of infection and inflammation, in order to avoid an • Risk of developing MRONJ in patients on oral bisphosphonates is low.
• Slightly higher risk of developing MRONJ in patients on > 4 years of oral bisphosphonates, IV bisphosphonates or denosumab.
• Routine dental treatment, including extractions and implant placement, can be carried out in patients with ≤ 4 years of oral bisphosphonates.
• Discussion of risks and benefits must be done if invasive dental treatment is needed in patients on > 4 years of oral bisphosphonates, IV bisphosphonates and denosumab. Alternative treatment options should be considered.
• Following extraction or surgical treatment, close monitoring is needed to observe for mucosal healing. Prompt referral to a specialist is recommended if MRONJ is detected.
increase in MRONJ risk.
In general, patients on antiresorptive therapy for management of osteoporosis have a low risk of developing MRONJ. As mentioned earlier, the reported incidence of MRONJ developing in patients on oral bisphosphonates for less than four years was 0.1% or less; this is lower than the incidence of sustaining an injury from a road traffic accident in Singapore, which was 0.12% in 2016. (32) Patients with uncomplicated medical histories who are on oral bisphosphonates can undergo routine dental treatment and extractions in a dental primary care setting. (9, 21) The incidence of MRONJ occurring after dental extractions in patients on oral bisphosphonates was low, at 0.09%-0.5%. It has been suggested that minimally traumatic extraction techniques, trimming off of sharp bony edges and achieving mucosal closure wherever possible would decrease the risk of MRONJ development. (25) Early follow-up of about eight weeks after extraction should be done to monitor for healing and mucosal coverage of the extraction socket. (21) Dental implants can also be placed in patients with less than five years of oral bisphosphonate therapy, (20, 27) with no reported increase in MRONJ risk or implant loss. High implant success rates (95%) were also reported. (28) Nonetheless, proper informed consent weighing the risk and benefits of invasive dental procedures must be done prior to the commencement of treatment. Complicated dental surgical procedures should be referred to a specialist for management.
Patients on long-term oral bisphosphonates (> 4 years), IV bisphosphonates, and denosumab are at a slightly higher risk of developing MRONJ. (9) Therefore, it is extremely important to institute a personalised preventive plan, as well as to make the necessary lifestyle and dietary modifications. Routine dental treatment can still be carried out in a dental primary care setting. Alternative treatments to dental extractions should be considered and carried out, if possible. (9, 21) Should dental extractions be necessary, a proper informed consent weighing the risk and benefits of the dental treatment must be done with the patient. The procedure should be carried out in an atraumatic manner, with mucosal closure if possible. The AAOMS position paper advocates a 'drug holiday' of at least two months before the procedure if there are no contraindications due to the patient's systemic condition. The antiresorptive medication is only resumed after osseous healing is observed. (9) However, clinicians should be aware that the overall value of a 'drug holiday' has not been adequately proven, and the effects of bisphosphonates on bone turnover are known to persist for many months.
(21) Consideration of the patient's fracture risk must also be done, and a 'drug holiday' may be contraindicated in a high fracture risk patient. 
Management of MRONJ
Patients diagnosed with MRONJ should not undergo any elective dental surgical procedures. The management of MRONJ is dependent on the stage of the condition, as well as the corresponding symptoms and effects on the patient's daily life and functioning. Prompt referral to an oral and maxillofacial surgeon for further management is warranted. Treatment of MRONJ ranges from observation, local debridement or sequestrectomy, to resection of necrotic bone with or without reconstruction with vascularised free flap. (9) TAKE HOME MESSAGES ABSTRACT Osteoporosis is a major, growing healthcare issue. This is especially of concern in an ageing population like that of Singapore. Osteoporotic patients are at risk of fractures, which can result in increased morbidity and mortality. The use of antiresorptive therapy with bisphosphonates or denosumab has been proven to reduce fracture risk. However, the use of these medications has rarely been associated with the development of osteonecrosis of the jaw, a potentially debilitating condition affecting one or both jaws. Appropriate understanding of the patient's antiresorptive therapy regime, as well as early institution of preventive dental measures, can play an important role in preventing medication-related osteonecrosis of the jaw (MRONJ). Regular monitoring and prompt referral to specialist care is warranted for patients with established MRONJ.
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